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ABSTRACT

To ensure a greater level of reliability and safety in the
use of Electro-Explosive Devices (EEDs), it is necessary to
measure the continuity of the device's bridgewire. However, the
electrical equipment used to measure these parameters is some-
times capable of causing premature detonation of the EED or
desensitization of the igniter resulting in a dud. This report

-* describes minimum design criteria proposed for electrical
" equipment that can be used to safely test the EEDs.
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SECTION 1

I NTRODUCT I ON

The Navy currently uses several different devices to test
the bridgewire continuity or bridgewire resistance of its
inventory of Electro-Explosive Devices (EEDs). Many of these
devices have been approved for use by the Naval Sea Systems
Command (NAVSEA 06H) based on a safety evaluation of the instru-

ment. For the most part, approval for use on specific EEDs has
been handled on a case-by-case basis.

This paper describes safety criteria that the Naval Surface
Weapons Center (NSWC) considers to be the minimum acceptable for
use in the design and evaluation of bridgewire continuity
testers. It is intended to promote uniformity of practice for
those skilled in electrical safety evaluations. _

In addition, NAVSEA has indicated an interest in the
. development of a military standard on this subject. This paper

offers considerations for some of the requirements of this
military specification. The standard would enable equipment
manufacturers to consider electrical safety in the design phase
rather than redesign their equipment after it is on the market.
This would result in a saving of time and money for the manu-
facturer and the government. When the evaluation and reporting
techniques are standardized, the safety evaluation of the
instrument could become the responsibility of the manufacturer
and could easily be checked by the purchasing activity.

1-1-

.. . . . . . . .. . . . . . . . . . . . . . . .

-.. . . . . . . . . .-. . *. ...- t'A. .. -



NSWC TR-85-311

SECTION 2

RELIABILITY TESTING OF EEDs

The bridgewire of an EED serves as an electro-thermal % %
transducer, converting electrical energy into thermal energy in
the form of heat. A primary explosive, such as lead azide or

PETN, deposited on the bridgewire Is Initiated when this thermal
energy reaches the initiating energy required by the explosive.

Proper operation of the bridgewire is the most critical
factor in the reliable functioning of the EED. Therefore,
evaluation of the bridgewire region is the most productive method
used to predict the performance of an EED. However, the test
procedure used to evaluate the bridgewire region must not heat
the bridgewire to the ignition temperature of the primary
explosive, or detonation may occur. The simplest and most common
method used to evaluate operational reliability of the bridgewire
is to measure its DC resistance.

2-1
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SECTION 3

GENERAL EVALUATION REQUIREMENTS . .]

NAVSEA OP-5 specifies that electrical equipment used to test
the reliability of an electro-explosive device must be approved
by the Naval Sea Systems Command prior to its use. This equip-
ment must also comply with the minimum requirements of the
National Electrical Code, Article 500 if testing is conducted in
a hazardous location.

Prior to approval, the equipment must be examined for

possible hazardous conditions due to:

1. Equipment design;

2. Environment in which equipment is being used;

3. Maintenance and test plans;

4. Standard Operating Procedure (SOP) for Explosives
Testing; and

5. Potential electrostatic hazards created.

In addition, normal wear of, the equipment must be considered
- to ensure that normal deterioration does not create a hazardous

condition. Periodic testing of the equipment to ensure safe
operation is recommended. r.-"-

Approval of the use of test equipment for this purpose

should be based on the no-fire current of the EEDs being tested.
Individual approval should be granted for each explosive device
being tested. However, to speed the approval process, NSWC
recommends that the equipment be evaluated to determine the

maximum current available from the test instrument even under
multiple fault conditions. The value derived from this analysis
should not exceed one-tenth of the no-fire current of the
explosive device.

The equipment should be tested prior to its use to ensure

that obvious faults in the functioning of the device will be
detected. This testing should ensure, primarily, that the test
current produced at the terminals of the equipment (for each

- range) is below the limit specified for the tests. The device
used to test these output currents should be calibrated period-
ically. In addition, the SOP for the explosive tests should be

12specified and critically evaluated to ensure that these opera-
tions are conducted in a safe manner.

3-
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A rigid maintenance cycle should be specified and adhered
to. This maintenance should be performed only by personnel .-,

familiar with the device and who are aware of the safety features
included in the device. Although a device may be safe to use in
the application as originally designed, improper maintenance can
degrade or defeat the safety features inherent in the design.
Evaluation of the equipment should include documentation of the
safety features provided by the equipment and the assumptions
that were made during the analysis.

3-2
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SECTION 4IF

EQUIPMENT DESIGN

The design of the equipment is the major factor that will
determine whether it can be safely used to test explosive
subsystems. There is currently no standard method available for
use In evaluating the design of equipment proposed to test
bridgewire resistances. However, the evaluation method specified

* by National Fire Protection Association (NFPA), CODE 493, Chapter
2-1, can be used as a guideline In making this evaluation.
Additionally, the Naval Surface Weapons Center recommends that
all faults that may occur which cannot be identified in the daily
initial checkout of the equipment should be assumed.

When examining the design safety of the equipment, it should
*be assumed that all switches and other inputs are at their Most

I ~ unfavorable settings. Also it should be assumed that all
components are at their most unfavorable tolerance values. An
accurate schematic diagram of the equipment with its parts list

*must be on-hand for this phase of the examination. An actual
sample of the equipment to validate the schematic diagram Is also
useful.

Any deviation between what is on the schematic versus what
Is found in the equipment should be documented. Any deviation of
this type can be a basis for denial of approval for use. Changes
made In the equipment design or packaging configuration should
void any previous approval until these changes have been evalu-

I ~ ated. It is imperative that the manufacturer of equipment used to
test explosive devices maintain strict quality control standards.
For this reason, only instruments designed specifically for
testing explosive devices should be used. The design of general

*multimeters could be changed periodically to meet a changing
*market without the manufacturer having to notify any users of his

equipment. This is less likely to occur with explosive test
equipment.

The next step in evaluating the design of the proposed
equipment is a complete analysis of the circuitry including
everything back to the power source. Once the normal conditions
have been evaluated and documented, it Is necessary to determine
worst-case faults. The Reliability Analysis Center in Rome, New
York documents failure modes and failure rates of electrical!
electronic components and can be of assistance in selecting these
faults. The selection of faults and justification for the

selection should also be documented. The worst-case circuit

4-1
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-analysis is then performed. As mentioned previously, testing of
the unit immediately before its use can eliminate the possibility
of obvious faults in the unit.

-,:. The final step in the analysis of the design of the instru- -
ment is to check for inductances or capacitances in the output
circuitry and test leads that may permit storage of dangerous r
levels of electrical energy. This energy, if it is of adequate
magnitude, can be released in the form of arcing which will be
hazardous in the case where explosives may be exposed. .-.

4-L
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U SECTION 5

* EQUIPMENT CONSTRUCTION

Construction of the equipment can also be a factor in
determining its safe operation. All connectors used on the
device should be keyed to ensure that they can be inserted only J

-In the proper configuration. Asymmetrical connectors are pre-
ferred. In addition, these connectors should be labled according

*to their function. If more than one connector is used per
device, each connector should be of a different configuration to
ensure that they are not Installed incorrectly.

Exposed leads or pins are subject to short circuits and
should be avoided. If a connector is not used during equipment
operation, it should be provided with a cap for protection.

tProper layout of the internal components of the equipment Is W
essential. NFPA 493 provides adequate guidelines for details of
internal construction. The objective is to ensure that the
safety of the device is not compromised by short circuits, etc.,
resulting from wires or other foreign objects that may have been

-left Inside the device during maintenance operations. This5 hazard can be minimized by proper encapsulation of circuit boards
* and compartmentalization of such things as battery packs or power

supplies.

-All fail-safe circuitry should be potted or sealed to
* prevent the possibility of being compromised by short circuit or

tampering. These safety features should be clearly marked inside
the enclosure.

*Battery operated Instruments should have a built-in current
* - limiting device to ensure that the battery does not go into

- thermal runaway due to a short circuit (which in some cases could
cause an explosion). This current limiting device is most
effective when it is built Into the battery pack. when changing
batteries in these instruments, the same type battery must be
used as a replacement. If the current limiting device is built

*Into the battery pack it should be clearly labeled and it must be
* replaced by an equivalent pack.

The materials used in the construction of the explosives
test equipment are also important. If the device is portable,

- there is a possibility that transport of the unit can cause
generation of static electricity (if the case is made of a poor
conductor) . Before approval, the unit should be tested to
determine if it is capable of storing dangerous levels of

5-1
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electrostatic energy. The use of sealed keyboards, low-powered
Complementary Metal Oxide Semiconductor (CMOS) circuitry, and
liquid crystal displays can enhance the safety of the device.

5-2
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SECTION 6

CONCLUSIONS AND RECOMMENDATIONS

The use of modern electronic equipment to test the opera-
tional reliability of electro-explosive devices is recommended.
However, this equipment must be approved prior to its use. The
Naval Surface Weapons Center recommends that a standard method be
devised by which this equipment can be evaluated. The documenta-
tion required by this standard would permit the approving agency ..to make a more valid evaluation of the risks associated with the

use of these instruments for any given application. Also, it
should decrease the amount of time necessary for approval. The
overall advantage would be a saving of time and money in the
approval process for electrical equipment used to test the
bridgewire resistance of electro-explosive devices.

6-1~
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